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GIRI Kyushu Develops Low Density High Bending 
Strength 


C/SiC Composites 


Polysilastyrene Added 
95P60090A Tokyo KAGAKU KOGYO NIPPO 
in Japanese 18 Jan 95 p 8 


[FBIS Translated Text] The Ministry of International 
Trade and Industry’s (MITI) Government Industrial 
Research Institute in Kyushu (GIRI Kyushu) has devel- 
oped a high bending strength carbon fiber-reinforced 
silicon carbide ceramic (C/SiC composites) of approxi- 
mately 530 megapascal (MPa) that boast the surprisingly 
low density oi 1.85 grams/cubic centimeters. GIRI 
Kyushu improved its in-house developed fabrication 
method based on the reaction sintering method which 
made the high bending strength possible at this time. The 
newly developed composites are expected to be widely 
used as high heat resistant and high strength advanced 
composite material (ACM). 


Highly Promising as ACM 


Research to apply high temperature strength carbon 
fiber-reinforced silicon carbide composite materials in 
the aerospace industry has been underway for some time. 
Currently available fabrication methods include the 
vapor phase method, organic silicon polymer pyrolysis, 
and the hot press method. Those methods, however, 
require many hours, including more than five repeated 
impregnation and sintering processes, and a high 
temperature thermal treatment of 1,800° C. 


GIRI Kyushu developed a reaction sintering method 
back in 1991 to fabricate unidirectional carbon fiber- 
reinforced silicon carbide composite material through 
the reaction of silicon powders with phenol resins (which 
become carbon elements after sintering) at the relatively 
low temperature of 1,430° C as well as a single thermal 
treatment. However, its carbon fiber content was low 
and its porosity was high, so that the bending strength 
reached only about 150MPa. 


The newly developed method calls for microfine silicon 
powders added by organic silicon polymer “polysilasty- 
rene” which made the high strength possible. Compared 
to the original reaction sintering method, the fiber con- 
tent of the new composites increased from 30 to 55 
percent thanks to microfine silicon powders, and 
porosity decreased from 40 to 20 percent due to the 
addition of polysilastyrene, both of which seemed to 
have contributed to the remarkable improvement in the 
modules of elasticity of the composites. 


A density of 2.3 grams/cubic centimeters is required to 
obtain a similar level bending strength using the pyrol- 
ysis and hot press methods. “The improved reaction 
sintering method requires a simple treatment process, 
and is thus advantageous for industrial fabrication,” 
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according to Chief Researcher Hideharu Tani of the 
Inorganic Composite Material Group. 


The research paper will be presented at the 33rd 
Ceramics Basic Science Discussion which is to be held 
on 19 January at Nagoya University and the Interna- 
tional Conference for “High Temperature Ceramics 
Matrix Composite Materials” which will be held in the 
U.S. in August. 


Government Lab Develops High Plasticity SiN 
Ceramics 


Homogeneous Fine Particles 


9° P60090B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Jan 95 p 7 


[FBIS Translated Text] The National Institute for 
Research in Inorganic Materials (NIRIM, Director, 
Kichizo Inomata) of the Science and Technology Agency 
(STA) announced on 18 January that they have devel- 
oped a silicon nitride ceramic which can be processed 
like plastic or metal. The key to their success was the 
ability to control the fine and homogeneous particles. 


Plasticity processing used to be difficult on high rigidity 
and high strength ceramics. The newly developed 
ceramic can be deformed at a temperature 200° C lower 
than the sintering temperature, and thus its processing 
cost can be drastically reduced. 


Silicon nitride ceramics, whose applications have been 
vigorously pursued for auto engine components and 
precision machinery parts, tend to shrink dur.ng sinter- 
ing. Therefore, it is difficult to attain precision, which 
accounts for the high processing cost. 


The plasticity processing, which requires minimum pro- 
cessing similar to that for metals, has been long sought 
after. Grain growth occurs in ceramics during plasticity 
processing, which makes it more difficult. As a result, 
commercially viable ceramic materials have not been 
available. 


Mamoru Mitomo and his research group used high 
temperature stabilized beta type crystal powders in addi- 
tion to the alpha type traditionally used for such research 
in the past, to reduce this grain growth in ceramics. The 
research group further ground the powders and sorted 
them out in homogeneous sizes measuring below 0.3 
microns in grain diameter. The fine powders then were 
sintered by the hot press method with which oxides as 
the sintering auxiliary pressurized the powders. 


The newly developed sintered nanoceramics are 
composed of homogeneous particles of an average of 0.2 
microns in grain diameter. Plastic deformation takes 
place at 1,500 C, which is 200° C lower than the 
sintering temperature. High temperatures have little 
effect on grain growth and the deformation speed is 
100 times greater than that of conventional ceramic 
materials. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














2 ADVANCED MATERIALS 


The definition of ultra-plasticity is based to a great 
extent on plastic deformation, which is useful for mate- 
rial processing. Chief Researcher Mitomo said, “The 
newly developed material is the world’s first commer- 
cially viable ultra-plastic ceramics. The method used at 
this time can also be used for other non-oxide ceramic 
materials.” 


GIRI Kyushu Develops Intelligent Ceramics 


Fatigue Measured by Applying Voltage 
95P60090C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 19 Jan 95 p 4 


{[FBIS Translated Text]—Saga—The Government 
Industrial Research Institute, Kyushu (GIRI Kyushu) 
(Tosu, Saga Prefecture) has developed the basic tech- 
nology for “intelligent ceramics” capable of advance 
warning of damage. Ceramics are light and superior in 
strength, heat resistance, and corrosion resistance. But 
they also can suddenly break upon sharp impact. In 
order to overcome this weakness, many research insti- 
tutes have been competing to develop intelligent mate- 
rials. Its commercial applications, when achieved, will be 
most useful in areas such as space shuttles and nuclear 
power where high reliability is required. 


Application in the Area of Nuclear Power Plants 


GIRI Kyushu has developed an intelligent ceramics by 
depositing aluminum nitride (AIN) crystal unidirection- 
ally to create a 1 micron thin film coating on the surface 
of ceramics. When any force is applied to the ceramic 
material, voltage is generated by the AIN film. The 
strength of the force and impact can be determined by 
measuring this voltage. 


The researchers’ success in depositing the AIN crystal 
unidirectionally for the first time was the key to their 
success. The researchers determined optimum condi- 
tions by adjusting temperature, voltage, and vacuum 
state within the sputtering device used for deposition. 
These conditions can be applied to any kind of ceramics. 


Ceramics scar when force and impact are applied repeat- 
edly and the ceramic material breaks when the scars get 
big enough. Intelligent ceramics allow for the material to 
be monitored through changes in voltage, thus avoiding 
breakage. 


GIRI Kyushu will conduct research on its use at high 
temperatures under the FY98 program and, thereafter, 
will pursue application possibilities. It now appears 
promising in fields that require a high level of materials 
reliability such as nuclear power, nuclear fusion, and 
aircraft components. 


Research team member Morito Akiyama will present a 
paper on the new development at the “Ceramics Basic 
Science Forum,” sponsored by the Ceramics Society of 
Japan, to be held at the Nagoya International Conven- 
tion Center on 20 January. 
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MITI To Start Carbon Material New Project 
Including Diamond Applications 

95FEO091A Tokyo KAGAKU KOGYO NIPPO 

in Japanese 15 Nov 94 p 8 


[FBIS Translated Text} 


A Study Group Within the Forum 


The Ministry of International Trade and Industry 
[MITI} is embarking on a new research and development 
project that aims to bring about superior materials 
functions and develop applied carbon materials technol- 
ogies, with an emphasis on diamonds. MIT] has estab- 
lished a ““Carbon High-Function Materials Technology 
Study Group” consisting of industry, academia, and 
government participants (chaired by Professor Junichi 
Sato of the Metal Engineering Department, Tokyo Uni- 
versity Faculty of Engineering) within the New Diamond 
Forum, and will begin concrete studies on the 25th of 
this month. A report on the Study Group’s conclusions is 
expected to be published next April. Carbon materiuls 
have excellent electrical properties and heat conducti- 
bility, and of all current technologies, these materials 
hold the potential for a breakthrough for difficult prob- 
lems. MITI is considering using carbon materials as the 
1996 theme for the “Industrial Science and Technology 
Research and Development System” being promoted by 
the Agency of Industrial Science and Technology [AIST]. 


Carbon materials have superior electrical and thermal 
properties, and active research and development of all 
kinds based on these materials is taking place in industry 
and academia. The materials are being positioned as new 
carbon and new diamond materials, and have partial 
applications in fields related to semiconductors, creating 
new markets. 


The current new project’s Carbon High-Function Mate- 
rials Technology Study Group has set goals for 
expanding development of electronic devices and 
mechanical uses for carbon materials, with an emphasis 
on diamonds. The Study Group will conduct investiga- 
tions ranging from basic properties of the materials to 
applications-oriented elemental technical development, 
structural solutions, and manufacturing equipment. In 
more concrete terms, this means that the Study Group 
has decided to enter into topics ranging from defining 
the limits of a material through a sample of functions 
based on the types and properties of carbon materials, to 
applications and technology development problems that 
should be given immediate priority, as well as deter- 
mining technical development strategies. 


Industry is represented in the Study Group by the fol- 
lowing participants: Sumitomo Electric Industries, the 
Central Research Institute of the Electric Power Industry, 
Toshiba, NEC, Toyoda Machine Works, Tokyo Gas Co., 
Matsushita Electric Industrial Co., Nippon Carbon Co., 
Nippon Vacuum Technologies, and Kobe Steel. 
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NIMC Develops New Synthesis Method for 
Carbon Nanotubes 


95FE0091B Tokyo KAGAKU KOGYO NIPPO 
in Japanese 14 Nov 94 p 12 


{[FBIS Translated Text] 


Very Pure and Stably Created 


A research group in the Reaction Engineering Lab (in the 
Chemical Systems Department of the National Institute of 
Materials and Chemical Research [NIMC], Agency of 
Industrial Science and Technology) has succeeded in estab- 
lishing a new synthesis method for carbon nanotubes, 
which are attracting attention as a next-generation mate- 
rial. Carbon nanotubes are cylindrical carbon molecules, 
which have moved into the limelight as a new molecular 
form of carbon to follow flaren [phonetic rendering of the 
Japanese furaaren]. Currently, these can only be obtained 
by a method that separates and refines the secondary 
products of the flaren creation process, and there are 
purity and cost problems. Very pure carbon nanotubes can 
be stably created with the new synthesis method, and we 
can expect great advances in research that will shed light 


on physical properties. 


The new carbon nanotube synthesis method was developed 
in the Reaction Engineering Lab (Bunwa Igazaki, Lab 
Director) of the NIMC Chemical Systems Department, by 
Chief Scientist Morio Yumura’s research group. Carbon 
nanotubes accumulate on the cathode when graphite is 
heated by an arc discharge, but then the graphite and 
amorphous carbon mix together, making separation and 
refinement difficult. With the method established by the 
research group, the anode is fixed and the crater-shaped 
carbon nanotubes accumulating on the cathode are stripped 
off while the cathode is rotated. Then in order to separate 
the graphite found with the carbon nanotubes in the crater- 
like accumulations, copper chloride is intercalated to create 
an intermetallic compound. When baked at 500 to 600°C, 
the graphite is selectively burned due to the difference in the 
firing temperatures between graphite and carbon nanotubes, 
and the carbon nanotubes are all that remain. 


In addition to stabilizing the arc discharge, it has been 
confirmed that the carbon nanotubes created by this 
method can be stably obtained, and are very pure and 
multilayered, with 10-20 layers having a diameter of 
10-20 nanometers. 


Carbon nanotubes are needle-like carbon molecules with 
diameters ranging from 20 nanometers to several times 
that size, with a hollow, cylindrical shape being a distin- 
guishing characteristic. These are therefore assumed to 
have a variety of new physical properties, and along with 
flaren, in which a soccer ball-like molecular form is 
observed, are being researched as next-generation mate- 
rials. However, obtaining several dozen grams of carbon 
nanotubes costs in the hundreds of million [yen}, which 
made it difficult to ensure the needed materials for 
studying physical properties. If the synthesis and refining 
methods developed by Igazaki and Yumura’s research 
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group are used from now on, very pure carbon nanotubes 
can be obtained and the costs will be greatly imprc’ ed, 
so that we can expect rapid progress in research on basic 
physical properties such as electrical conductivity and 
magnetic characteristics. 


GIRI Osaka Develops 3-D Tyranno Fiber 
Reinforced Ceramics Using Precursor Method 


95FE009IC Tokyo KAGAKU KOGYO NIPPO 
in Japanese 1] Nov 94 p 8 


{[FBIS Translated Text] 


Five-Fold Increase in Fracture Toughness 


The Ceramic Materials Lab of the Government Industrial 
Research Institute, Osaka [GIRI Osaka], under the Agency 
of Industrial Science and Technology has developed a high 
strength, very tough tyranno fiber-silicon carbide composite 
using what is known as the precursor method. Density was 
increased through repeated impregnation of polycarbosilica, 
(PCS), a silicon carbide precursor, into the tyranno fiber’); 
three-dimensional preform, and subsequent thermal decom- 
position. Fracture toughness was increased to nearly five 
times that of ordinary silicon carbide ceramics. Some prob- 
lems in the production process remain to be studied, such as 
thermal decomposition temperatures, but practical applica- 
tions are expected in the aerospace field, which can make 
the best use of these strength and toughness features. 


Fine ceramics are materials having superior leat resis- 
tance, oxidation resistance, and strength, but are not 
tough compared to metals, which is a disadvantage that 
has hampered practical applications in the field of struc- 
tural materials. For this reason, research and develop- 
ment efforts are being made in order to improve 
toughness, and composite ceramics based on the strength 
of three-dimensional continuous fibers is regarded as a 
promising research and development topic. 


GIRI Osaka derived the matrix through a relatively low 
temperature process, and was able to develop the com- 
posite by focusing on the precursor method, by which a 
fine composite can be obtained through repetitions of 
the process. This time, GIRI Osaka succeeded in devel- 
oping a silicon carbide composite that combines high 
degrees of strength and toughness never before seen, by 
using tyranno fibers, which are among the strongest of 
fibers, and PCS, which is a precursor of silicon carbide. 


First, the PCS was fusion impregnated into a three- 
dimensional preform made of tyranno fibers. Then 
thermal decomposition at 1,200°C is repeatedly 
performed. When the process is performed once, the 
bending strength is 9MPa, but this increases to 290MPa 
after five repeats and to 420MPa after 10 repeats. In 
addition, fracture toughness is 7.1.MPam'” after five 
impregnations and 11.5MPam'” after 10 impregnations. 
This is five times the toughness of an ordinary silicon 
carbide composite, which has a fracture toughness of 2 to 
3MPam'”. Relative density after 10 impregnations is 83 
percent, with 5 percent open pores. 
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Process for Manufacture of Three-Dimensional Tyranno Fiber Reinforced Silicon Carbide Composite 


Key: 1. Three-dimensional preform made of tyranno fibers 2. PCS impregnation 3. Tyranno fiber-PCS composite 
4. Thermal decomposition 5. Pore 6. Matrix 7. Density increased by repeated impregnation 8. Tyranno fiber-silicon 


carbide composite 





Ceramics strengthened with three-dimensional fibers 
can be prepared by controlling fiber volume and fiber 
orientation for each portion of a complex shape, by 
means of a preform design. This latest development is 
likely to attract attention as a technology that can greatly 
improve the toughness of ceramics. 


MITI’s AIST To Start Synergy Ceramics Project 
in FY94 


95FE0091D Tokyo KAGAKU KOGYO NIPPO 
in Japanese 8 Nov 94 p 8 


[FBIS Translated Text] 


16 Participants, Including Asahi Glass 


The Ministry of International Trade and Industry's 
Agency of Industrial Science and Technology [AIST] is 
starting a “Synergy Ceramics” project with the intention 
of creating ceramics with the properties of innovative 
materials. The Engineering Research Association for 
High Performance Ceramics, which consists of 16 firms 
including Asahi Glass Co. and Kyocera Corp., was 
tentatively designated as trustee. Foreign research 
groups such as the UK’s Cambridge University group 
have expressed their intention to participate as second 
trustees; a formal decision is expected from a New 
Energy and Industrial Technology Development Organi- 
zation [NEDO] selection committee (the board of direc- 
tors). A five-year project (the first stage of research) is 
planned, beginning this fiscal year, and about 5 billion 
yen will be invested. 


The goal of the Synergy Ceramics Project is to develop 
ceramics having multiple, seemingly contradictory prop- 
erties, such as flexibility and strength, and are heat and 
corrosion resistant. The first stage of research will begin 
this fiscal year. This initial stage is intended to establish 
high-order structural control technologies concurrently 
with the ceramics fault structure, from atomic and 
molecular levels to micro and macro levels. Analysis and 
evaluation techniques will be tackled as well. 


The actual research and development will bring together 
the abilities of industry, academia, and government, and 


will take place under a tentatively titled “project man- 
agement group” that will centralize administration. 
There are also plans to adopt “decentralized joint 
research” that will revolve around “centralized joint 
research” taking place at AIST’s Government Industrial 
Research Institutes [GIRI] in Nagoya, Osaka and 
Kyushu, where basic research will be concentrated. 


NEDO held its final technical evaluation committee 
meeting on the 7th, where it informally decided on the 
Engineering Research Association for High Performance 
Ceramics to be entrusted with the research. Sixteen firms 
belong to the Association: Hitachi, Sumitomo Electric 
Industries, Toshiba, Matsushita Electric Industrial Co., 
Nippon Steel, Ishikawajima-Harima Heavy Industries, 
Nissan Motor Co., Isuzu Motors, Toyota Motor Corp., 
Dow Chemical Japan, Denki Kagaku Kogyo, Hitachi 
Metals, NGK Insulators, and the Fine Ceramics Center, 
in addition to Asahi Glass and Kyocera. Research groups 
such as that at Cambridge University and other foreign 
enterprises are being considered as a second trustee; this 
will be formally determined by a selection committee to 
be convened shortly. Agreements will be concluded 
within the month, and the Synergy Ceramics Projects 
will begin. 


Tokyo Institute of a ee Develops Transparent 
Polycrystal Diamond Synthesis Technology 
95SFEOO9IE Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 7 Nov 94 p § 


{[FBIS Translated Text] 
Will Encoarage Use of High-Performance Optical 


Professor Masanori Yoshikawa and his team at the 
Tokyo Institute of Technology's Faculty of Engineering 
have developed a technique for synthesizing transparent 
sheet-like polycrystalline diamonds. Due to impurities 
and microscopic flaws in the crystals, previous sheet-like 
polycrystalline diamonds were dark and light could not 
penetrate, but transparency was achieved under the 
synthesis conditions of Prof. Yoshikawa’s high- 
efficiency synthesis method. Because diamonds can 
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95FEOO9IF Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 31 Oct 94 p 5 


{Article with commentary by Tsuneo Asai, Chief 
Scientist of Nikkei Sangyo’s Consumer Research Lab] 


(FBIS Translated Text] 


Reversal Through lodine Use 

The Agency of Industrial Science and Technology’s 
National Institute of Materials and Chemical Research 
(NIMC) has ascertained that one type of metal complex 
in which various other atoms and molecules are arranged 
around the metal has a non-linear optical property, and 
is able to reversibly control that property. Up until now, 


ADVANCED MATERIALS 5 


unusual in a metal complex. The presence or absence of 
the optical property is controlled by introducing and 
removing a halogen such as iodine. The appearance of a 
third non-linear optical material that is neither organic 
nor inorganic is likely to contribute to OEIC (optoelec- 
tronic integrated circuit) and optical computer research 
and develowment. 

This set of results was achieved by the Fusion Complex 
Materials Yeam led by scientist Toshihide Kamata of 
NIMC’s Basic Research Division Theoretical Chemistry 
Lab (Fujio Minakami, Lab Director). First it was con- 
firmed that the metal at the core of the complex, which 
is within the metal complex itself, has the ability to 
change the basic properties of light, such as wavelength, 
when lined up in a straight chain (a one-dimensional 
metal complex). 

According to the research group the metal complex 
shows a property (tertiary non-linear optical property) in 
which a light wavelength is shortened to a third of its 
length, and both color and the index of refraction are 
changed. For example, an infrared wavelength of 1,500 
nanometers (nanometer = billionth of a meter) can be 
changed to green with a wavelength of 500 nanometers. 
This effect takes place when the electron orbit of the 
metal located within the center of the metal complex 
largely overlaps with the electron orbit of the adjacent 
metals in the complex. The research team confirmed that 
in a one-dimensional metal complex in which atoms of 
platinum, nickel or palladium are positioned in the 
center. In addition, the confirmation of the cancellation 
and restoration of this optical property in the metal 
complex through the introduction and reinoval of a 
halogen such as iodine was a great result for the research 
team. Halogens such as iodine and fluorine are known to 
combine readily with metals. It seems that the overlap of 
the electron orbits for metals in the center of the complex 
disappears as a result of the bonding of iodine with the 
When bringing back the optical property, the complex is 
heated by external light and the iodine is removed from 
the metal complex. 

The research team measured the light intensity after the 
wavelength was changed to one-third by the metal com- 
plex. The intensity when iodine was introduced was 
1/10,000 and the non-linear optical properiy was virtu- 
ally non-existent. Furthermore, the optical property 
returned to the usual level after the iodine was removed. 
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Non-Linear Optical Materials 


Materials featuring the ability to change the properties of 
light, such as altering wavelengths so that red light is 
changed to a different color of light, are known as 
non-linear optical materials. National research organs, 
universities, and private research institutes are actively 
engaged in research in the fields of electronics and 
optoelectronics, where light is fused, for possible use of 
these materials for optical communications, optical 
records, optical information processing, and optical 
switches. 


The non-linear optical effects fall into two types: the 
“secondary effect” in which the wavelength of incident 
light is shortened by one-half, and the “tertiary effect,” 
where the wavelength is altered to one-third and the 
index of refraction is changed. It has been known since 
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the 1960s that wavelength can be altered if non-linear 
optical materials are used. The search for both organic 
and inorganic materials is continuing, and portions of 
inorganic non-linear optical materials are being utilized 
as wavelength altering elements. The research history for 
non-linear optical materials with the tertiary effect is not 
very long. The ultimate goal in the field of optoelec- 
tronics is the “total optical” computer, in which the 
signals passing through the elements and wiring are all in 
ai ieiealiile ietlioamnens snannmeainns tans 
been placed on non-linear optical materials. 


: One Towards Practical Application 
of Oneal Commeters” 


The NIMC has produced two results. The first is a third 
material to offer researchers: a new one-dimensional 
metal complex that can be added to the inorganic and 
organic types of non-linear optical materials. If the types 
of materials are increased, that alone makes it easier to 
produce optical elements fit for practical use. The other 
result is the confirmation of the cancellation and resto- 
ration of this metal complex’s non-linear property by 
adding and removing the halogen iodine, and the success 
in actually controlling this phenomenon. 

In particular, the control over the presence or absence of 
the non-linear property holds the possibility for 
expanding the uses of non-linear optical materials. For 
example, ‘he presence or absence of the property can be 
applied to switching an electric current on and off, which 
is a basic computer operation. With only binary logic, 
“on” (1) and “off” (2), existing computers perform all 
functions, such as memory and computing functions. It 
is theoretically possible that memory and computing can 
be done with new materials. Furthermore, it may be 
possible to record pattern information such as designs 
exactly in their original forms. 


Up until now, the use of non-linear optical materials has 
been limited in terms of practical application. However, 
the possibilities have been greatly expanded through the 
ability to control the presence and absence of ihe non- 
linear property. 

The ultimate form of the computer is the optical com- 
puter. If light travelling at 300,000 km/sec can be made 
to run through a computer, an ultra-high speed computer 
will be created, fulfilling the scientists’ long-held dream. 
The realization of such a computer depends on the 
development of optical elements, and even now optical 
electronic elements that will control the flow of light by 
adding voltage are being developed. The first to appear 
are gallium and arsenic thin films. Lithium niobate can 
also add voltage and control light flow. Optical 
waveguides, optical modulators, and optical i 
are now being trial manufactured. Various kinds of 
optoelectronic integrated circuits (OEIC), in which 
optical and electronic elements are unified, are also 
under development. 
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However, the ultimate optical computer form is not 
“control of light by means of voltage” but an all-light 
signal optical computer with “control of light by means 
of light”. The impetus behind the active search for 
non-linear optical materials lies in this goal. 


The meta) complex that NIMC is focusing on is a 
substance in which various electric charges are thought 
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to move between the metal at the center and the alkyl 
substituent, and is also very interesting in terms of its 
optical properties. It is the first time that a non-linear 
optical property can be reversibly controlled using a 
metal complex. NIMC is starting on applications 
research for practical utilization. The next step is turning 
the metal complex into a thin film and trial production 
of logic elements and memory elements. 
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YSX Project Te Take Off 


95FE0092A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 7 Nov 94 p 3 


{[FBIS Translated Text] Major activities are underway to 
realize the YSX project for a small, civilian passenger jet 
which has long been a dream of the Japanese air 
industry. The YSX development plan was promoted 
under Japunese leadership, in order to confirm the basic 
idea with the Boeing Company of the U.S., which is the 
joint development partner, a conference to determine 


of intent with the partner is indispensavle because a large 
investment and risk liability are necessary for YSX 
development. The fact is that there are many issues to be 
made clear in the future, such as how to do the main 
operations, policies for market expansion, #.:d risk lia- 
bility. The path to the success of YSX is notable because 
the YSX is also a touchstone for the development of 
hams industry as an important industry of the 


Public and private 


The YSX plan was startrd in 1989. It is a publicly and 
privately promoted project for the reason that, “In order 
for the Japanese economy to accomplish sustained devel- 
opment in the future, it is necessary to discover and 
foster a new important industry from a long term per- 
spective. The airplane industry has the requiremen:s to 
become an important Japanese industry in terms of 
intensity of and technical advancement.” 
That is according to Toshifumi Hirai, Director of the 
Aircraft and Ordnance Division, and Infor- 
mation Industries Bureau, MITT. In the midst of making 
a comprehensive examination for the selection of an 
international joint development partner and market 
research with a small class, 50- to 100-seat passenger 
plane in mind, preference was given to the 100-seat class, 
and it was decided to begin full scale research and 
ee er ee ee 


Currently, 20 of the technical staffs of Mitsubishi Heavy 


the basic idea for the fuselage 
costs will be settled with the objective of starting at the 
beginning of autumn of next year and, at the same time, 
joint business partners other than Japan and the United 
States will be selected; the schedule aims for completion 
of the fuselage and first flight in the year 2000. 


In a Hard Fought Field 


Since airplane development includes high development 
costs and risk liability, international joint development 
has become the mainstream for development (and this is 
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not limited to the YSX plan) overseas as well, and it can 
be said that avoiding joint development is not possible 
now. The major issue is to get sellable products and 
somehow lower costs while good cooperation 
with each partner. The small plane market is also a hard 
fought field in which the manufacturers of each country 
Jatticipate, marketability and sales power are very 
meaningful. 


The level of Japan’s airplane sector is very different from 
that of the United States and Europe. The halt to .he 


plane was the only all-Japanese airplane after the war. 
This YS-1!1 also had painful circumstances in which the 
have the know-how for airplane sales. 


The leaders of the airplane manufacturing industry par- 
ticipating in YSX planning say the following based on 
the past. “The problem of the YSX is cost. No business 


are piling up for the future. The key to success is just to 
somehow limit development costs and produce an air- 
craft which can be somehow sold. According to industry 
sources, the trial calculations show limiting YSX devel- 
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Japan’s airplane industry depends on 
business for 70 percent of the whole. Moreover, the 
tapering off of the defense demand is certain with the 
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great significance in terms of how Japan, cstablished on 
the basis of technology, fosters the aircraft industry to 
reach the leading edge of technology. 


Manned Moon Base Pian Reported 


95FE0092B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 15 Nov 94 p 15 


[FBIS Translated Text] 


Strengthening the Foundation of the Space Industry 


“Aiming for the Establishment of New 21st Century 
Space Development,” the report of the Long Term 
Vision Discussion of the Space Development Committee 
put out in July, shows the prospects for the next 20-30 
years. The large amount of material proposed at this 
discussion, which was debated for six months since 
December of last year, includes a small pamphlet con- 
sisting of 15 pages and entitled, “Automated Construc- 
tion of a Manned Moon Base” (Lunar and Planetary 
Society). 

The spotlight is on microgravity usage by the space 
station as a stage for manned activities; the “Alpha” plan 
on which the United States, Europe, Canada, F.ussia, 
and Japan are cooperating is being prepared, although in 
fits and starts, with a target for completion of 2001. An 
investment of 10 years is anticipated for this, but it 
would be funny if the “Post Alpha” discussion has 
already begun at this time. 


Anticipated in the Results of a Manned Operation 


In the wake of the space station, human advance into 
space will be greatly accelerated and there could be some 
projects to strengthen and expand the basis of the space 
industry at the same time. The plan for “automated 
construction of a moon base where people can live” was 
made as such a project. 

The assertion that manned space activity is ultimately 
attained by replacing automation is rather strongly 
rooted in Japan which is a robotics leader. However, 
manned scientific observations on Antarctica, which is 
presently barren, are unfolding and there has been no 
assertion that this must be automated again. The reason 
for that perhaps is simply because people can go to 
Antarctica and stay. If such conditions are established on 
the moon, characteristic, fruitful manned activity will be 
deveioped in the same way as the South Pole. 


As follows, the pamphlet proposes a procedure to pre- 
pare an environment habitable by humans by automa- 


tion as a preceding step to beginning manned activity on 
the moon. 


H2 Recket Application 
The following operations are to be realized with the H2 
and its expanded-type rockets of the National Space 
Development Agency: 
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(1) Unmanned investigation level: choosing the 
optimum location for facilities construction with 
moon surface observing satellites and mobile 


investigating craft 

{2) Actual proof and research of animal and plant 
breeding with a life science system in the 1/6 G 
environment 

(3) Establishment of telecommunications facilities: 
establishment 


of surface communications station 
and relay satellites 


(4) Establishment of moon surface power plants 

(5) Application of working robots on the moon surface 

(6) Development of oxygen and water producing plants 

(7) Establishment and trial operation of food produc- 
tion modules 


(8) Establishment of residential modules. 


If the total costs for the realization of this plan are 
estimated to be ¥ 2.9 trillion and the target for comple- 
tion is 2023, annual costs become ¥ 100 billion on 


Three-Year-Old Japan Microgravity Center in 
Smooth Operation 


95FE0092C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 22 Nov 94 p 5 


[Article by Ringen Nakajima] 
[FBIS Translated Text] It has been fully three years since 


10 Seconds of Microgravity 


“Every year at this time it becomes so busy that the 
facilities are operated on weekends as well. There are 
foreign observers every day also,” said Director Kazuo 
Goto. On a Saturday in the beginning of November, 
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researchers from Tohoku University and Hokkaido 
University have come for experiments and are bubbling 
over with enthusiasm. 


JAMIC was the third center (headquarters in Sapporo) 
founded jointly by MITI, regional municipalities, and 
the industrial sector. Using in its original state the 
central shaft having a depth of 710 meters of the old 
Mitsui Sunagawa Coai Mine, a capsule having a total 
length of 8 meters, a diameter of 2 meters, and a weight 
of 5 tons was placed inside and dropped. Since it drops 
at the same acceleration as the global gravitic accelera- 
tion, the apparent gravity inside the capsule reaches a 
microgravity state of almost zero. The microgravity state 
can be continued for 10 seconds. 


There are seven large drop-type experimental facilities in 
the United States and Europe, but the maximum time 
that the microgravity state can be maintained is 2.2 
seconds at the facilities of the NASA Lewis Research 
Center. The weight of the experimental equipment 


loaded in the drop capsule is 500 kilograms at JAMIC, | 


while only 200 kilograms at the Lewis Research Center. 
JAMIC is far ahead of the others in terms of the scale of 
the facilities. 


Fees, More Than Double 


It is anticipated that with this superior experimental 
environment, new sprouts will be grown in various 
technical fields such as new elements, electronics mate- 
rials, and biotechnology, but actually, 95 percent of the 
drop experiments up to now were by governmental users. 
Although Japan has twice made large scale microgravity 
experiments using the space shuttle before now, appar- 
ently “the level of technical development is still basic 
and the risk is still too great for business to handle this,” 
said Director Goto. 


With such circumstances being as they are, usage plans 
had to be greatly changed from the initial estimates. 
Originally, the estimate was six drop experiments daily 
with two drop capsules, but in the end the level of 
demand was not that high and currently, drop experi- 
ments are performed three times daily with a one capsule 
system. 


The reduced number of experiments rebounded on 
experiment costs and the original ¥ 1! million fee for a 
drop experiment (one drop with the capsule fully used) 
has currently become ¥ 2.7 million. This isn’t talk of the 
chicken and the egg, but it is undeniable that such a steep 
rise in the fee became one cause of the reduced desire of 
private interests for using the facility. 


However, it is also true that the drop experiments 
amounting to 1,300 times accumulated steadily and 
solidly as the technical fruits of the nation. The results 
were published through academic societies. The merits 
of concrete microgravity experiments were made clear 
with the accumulated data and this will be linked to 
increased demand for the experiments in the future. 
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Separate Facilities To Open Next Spring 


Kamisunagawa-cho has great expectations for JAMIC. 
Besides constructing conference rooms and wonderful 
convention halls where researchers who came for exper- 
iments could stay in neighboring areas. In November, 
they opened the “‘Weightless Science Hall” for the easily 
understood study of the working of gravity and the 
mechanism of the drop experiments. Astronaut Mamoru 
Mori attended the opening commemoration; after the 
lecture, drop experiments were faced. However, at this 
point there is no apparent advance of business related to 
JAMIC and the idea is to give it sustained support. 


It seems that the environment surrounding JAMIC will 
change greatly next spring. 


That is because another drop experiment facility will be 
opened in Toki, Gifu Prefecture. Established jointly by 
Gifu Prefecture, the city of Toki, and space instrument 
manufacturers, the third center “Japan Weightlessness 
Laboratory” (MGLAB) was constructed using the 150 
meter deep shaft of an old uranium mine. The length of 
the microgravity state is 4.5 seconds, half that of JAMIC, 
but the estimated fee for drop experiments is ¥ 500,000 
and thus very cheap. 


A strong rival is appearing on the scene, but Director 
Goto says that, “When considering the difference in 
duration of the microgravity state, there is almost no 
competition.” MGLAB as well has said, “Instead of 
fighting for the pie (market for drop experiments), we 
want to make the pie bigger.” However, MGLAB also 
presently has to rely on the government for users. Still 
more time is necessary before both facilities will operate 
completely independently. 


IHI Uses High Performance Resin for 
Commercial Engine “V2500” 


95FE0092D Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 29 Nov 94 p 11 


[FBIS Translated Text] Ishikawajima-Harima Heavy 
Industries used a high performance resin developed by 
Mitsui Toatsu Chemicals in the material for parts of the 
““V2500” engiic for civilian airplanes. It was decided to 
use this as a material to replace aluminum in order to make 
the engine lightweight. This is the first time for resin to be 
used in the engines of civilian aircraft. The parts of 
airplane engines requiring superior strength and heat resis- 
tance was the unrivaled field of metal and ceramics before 
now, and resin entering this field is being showered with 
attention from chemical manufacturers. 


The “V2500” is the latest engine produced in common 
by seven Japanese, European, and American companies, 
such as IHI. A material strengthened with carbon fibers 
added to polyimide resin, one of the high performance 
resins used, was used in the supporting part for the guide 
vane to rectify the inhaled air. It has 2 strength greater 
than aluminum and does not deform even at 200 to 
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300°C. The amount used is several tens of kilograms for 
one engine which is about half the amount of aluminum. 


Among airplane engine manufacturers, efforts to make 
engines large sized to improve fuel consumption have 
expanded. In parallel with that, efforts for making them 
lightweight are advancing and therefore it is necessary to 
replace traditional parts materials such as metal with 
resin. However, since heat resistance was insufficient, 
the use of resins was set aside before now. 


Toshiba, AIST Jointly Develop Remote Control 
Technology for Space Robots Using Satellite 


95FEO0092E Tokvo NIKKEI SANGYO SHIMBUN 
in Japanese 24 Nov 94 p 1 


[FBIS Translated Text] Toshiba and the Agency of 
Industrial Science and Technology (AIST) Mechanical 
Engineering Laboratory developed technology for auton- 
omous operation concurrent with remote operation of 
robots in space. Currently, it is difficult to prevent 
unexpected accidents with just remote operation from 
the surface since it takes four seconds for information 
exchange between the surface and stationary orbit. 
Therefore, commands are sent while simulating opera- 
tions on the surface and a computer having AI (artificial 
intelligence) functions in the satellite becomes the “vir- 
tual operator,” finely adjusting commands from the 
globe, and operating the robot. This will be tested and 
demonstrated with the technology testing satellite 7 
(ETS7) scheduled for launch in 1997. 


In the case of remote operation of fine movements with 
robot arms, monitoring the movements is difficult with the 
time difference of four seconds, the commands and the 
actual environment around the robot are different, and 
correction of the movements of the robot is not good 
enough. Therefore, the contents of the operation are limited. 


The systems developed by both are characterized by the 
process in which, while operators on the surface view the 
operation on the simulation screen, they work the con- 
trol stick and send commands, but the “virtual operator” 
enters between the [surface operator] and the robot in 
space and finely adjusts the commands from the surface. 
Concerning the computer which becomes the “virtual 
operator,” Toshiba “arranged the Al function to process 
the gap between the actual situation and the simulation 
on its own, in addition to the remote operations working 
according to the surface commands.” (Mechanical- 
Energy Research Lab) 


Since the robots do not work above a certain speed and 
cannot push items with a force above an established 
value, accidents can be prevented beforehand even if the 
assumption on the surface and the circumstances in 
space are differenti. The actual screen with the four 
second delay is monitored on a monitor. 


In experiments performed om the surface, a complex oper- 
ation on an operating board with three fixed pegs and two 
holes in which the robot pulls the pin from the hole, puts 
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wire on the pegs at two places, and finally replaces the pin in 
the hole, could be finished in 10 minutes. 


In the future, the function of the virtual operator will be 
increased with changes to commands from the surface, 
for example, and if put into practice, fine operations 
such as repairs to artificial satellites and automatic 
experiments within satellites with operation from the 
surface will become possible in the future. Toshiba is 
responsible for all arrangements for the ETS7 scheduled 
to be launched by the National Space Development 
Agency (NASDA) and Fujitsu is developing the high 
performance robot hands to be included. 


MHI Celebrates Completion of First Prototype 
FSX in January 1995 


95FE0092F Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 2 Nov 94 p 16 


{[FBIS Translated Text] Mitsubishi Heavy Industries 
(President Kentaro Aikawa) has decided to invite related 
parties from the United States and Japan to the roll out 
ceremony (factory shipment) on 12 January of next year 
at the Komaki South Plant (Nishi Haruhii-gun, Aichi 
Prefecture), following the completion of the first proto- 
type of the next term support fighter “FSX” which is 
under development for the Air Self Defense Force. The 
research for FSX development, a joint concentration by 
both the United States and Japan, was started in 1988 
with the U.S. support fighter “F-16C” as the parent craft. 


In addition to the technical corps of this company, 
technicians of Lockheed of the U.S., Kawasaki Heavy 
Industries, and Fuji Heavy Industries, the joint develop- 
ment partners, temporarily transferred to Mitsubishi 
Heavy Industries’ Nagoya Aerospace System Labora- 
tory. The FSX team was made with the whole group of 
155 people; they advanced the development of flight 
control, avionics design, equipment and are currently 
performing the final assembly operations at the Komaki 
South Plant. It was decided to perform the technical 
inspection to check the capacity and the structure and 
outfitting of the first prototype in the presence of the Self 
Defense Force in mid-December; the roll out will be held 
after attaining the approval of this technical inspection. 
The outlook is for the first test flight to be performed in 
the summer of 1995 and for delivery to the Defense 


Agency in 1995. 


Moreover, the allotment of FSX aircraft construction 
and assembly for each company is as follows: the front 
fuselage and the main wing to Mitsubishi Heavy Indus- 
tries, the main contractor; the central fuselage and the 
engine access door to Kawasaki Heavy Industries; ver- 
tical and horizontal tail wings, main wing exterior shell, 
and wing fuselage faring to Fuji Heavy Industries; and 
rear fuselage and part of the main wing to Lockheed. 
Also, the engine included was received by Ishikawajima- 
Harima Heavy Industries from General Electric (GE) of 
the United States and has already been sent to the 
Komaki South Plant of Mitsubishi Heavy Industries. 
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NEDO Builds Japan’s First Sma!’ seothermal 
Binary Power Generation 

95FE0O195A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 21 Jan 94 p 7 


[FBIS Translated Text] The New Energy and Industrial 
Technology Development Organization (NEDO; Mr. 
Hisao Oka, director) announced on 20 December 1994, 
that it began operating Japan’s first prototype small 
geothermal binary power generation facility (maximum 
output 122kW) in linkage to Kyushu Electric Power 
system. The facility is constructed in the compound of 
Kyushu Electric Power’s Ohtake Geothermal Power Sta- 
tion (Kokonoe-machi, Ohita Prefecture). With the 
existing method of geothermal power generation, a tur- 
bine is powered by steam obtained from excavated 
underground. The small geothermal binary power gener- 
ation, on the other hand, is a new method designed to use 
mid- and low-temperature water (approximately 
80-150°C) for exchange of heat. 


With this method, a circulation system of mid- to 
low-temperature hot water drawn from underground is 
used to heat and circulate a low-boiling point fluid, such 
as substitute fleon, to rotate power generating turbine. 
The designation of “binary cycle” comes from the fact 
that this method has two circulation systems. 


NEDO commissioned the Kyushu Electric Power Co. to 
conduci the validation operation of this prototype 
system. he company will continue its operation until 
the end of 1995, testing in breadth its power generation 
performance, maintainability, durability, and cost effec- 
tiveness. If this system should prove practical, not only a 
small-scale geothermal power generation becomes pos- 
sible in wide areas where mid- to low-temperature water 
can be obtained, but also the thus-far-unused energy 
discharged by plants can be used for power generation. 


Toyama Industrial Techno Center Develops 
High-Performance Prototype Polymer Battery 
95FE0198B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Jan 95 p 7 


[FBIS Translated Text] Toyama Industrial Technology 
Center and Toyama Management Association’s Tech- 
nical Information Committee have developed an epoxy 
resin prototype lithium ion group polymer battery. By 
using the epoxy resin with excellent conductivity, which 
they developed, in electrodes, they have succeeded in 
substantially increasing current density (voltage 4.5V per 
lcm?) to 7.3 mA. They are now pursuing research to 
achieve its practical utilization. 

Because of its compact size, light weight, and large 
energy capacity, the polymer battery is expected to 
emerge as the next generation of energy, widely used in 
the fields ranging from compact electronic devices to 
automobiles. The newly-developed prototype uses the 
result of the reaction occurring between cyanoethyl 
epoxy resin and polyethylene glycol in electrodes and a 
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liquid electrolyte in electrolyte obtained by reacting 
polyethylene glycol with perchloric acid. 


Until now, current density for 1 cm? had been 3 mA and 
current voltage 3.5V. By reacting epoxy resin in electro- 
lyte with polyethylene glycol and thereby improving 
conductivity, battery performance has been improved 
substantially. The voltage of lithium ion batteries cur- 
rently available on the market is 3.6V, which means that 
the performance of the newly-developed prototype 
polymer battery is superior. 


The future plans of the Toyama Industrial Technology 
Center and Management Association are to improve elec- 
trolyte to raise current density to 10mA per | cm? while 
continuing their research to take the energy capacity 
achieved in prototype to the practical utilization stage. 


Th:ee companies, viz., [Kooseru] (Mr. Hisaharu Ame, 
president), Nissan Chemical Industries (Mr. Shuichi 
Tokushima, president), and Hokuriku Electric Industry 
Co. (Mr. Masao Nakamura, president), are participating 
in the Technical Information Committee of the Toyama 
Management Association. 


Shikenki Dev Highly-Efficient 
hae wrens to Evaluate Solar Battery 


95FE0198C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Jan 95 p 7 


{FBIS Translated Text] Suga Shikenki has developed a 
highly efficient spectrophotometer system designed to 
evaluate solar battery depletion. The equipment is 
capable of constantly irradiating a surface of a test 
sample with white light whose energy level can be varied 
from 1 kW to 10 kW, to meet user need. Moreover, users 
can select a specified light (monochromatic light) to 
irradiate a sample. For this reason, it appears that the 
spectrophotometer will contribute to the standardization 
of the solar battery’s lifespan which has yet to be estab- 
lished. Since the spectrophotometer can be used not only 
in evaluating the reliability of the solar battery but also 
in more general areas, such as accelerated testiag of 
weather resistance of automobile’s interior materials and 
external coating, as well as construction materials and 
clothing. That is why the related industries also have an 
eye on this project. 


Suga Shikenki has developed a high-efficiency spectro- 
photometer system to evaluate solar battery depletion. 
This development constitutes a part of AIST’s (Agency 
of Industrial Science and Technology, MITI) New Sun- 
shine Project at the request of Japan Quality Assurance 
Organization. The newly developed system offers three 
features which were lacking in existing battery depletion 
testing equipment, namely, its ability to irradiate the test 
sample's surface with white light, as well as spectral 
monochromatic light, and high irradiation energy of the 
white light. Moreover, without changing spectral distri- 
bution, the new testing equipment can change energy 
level. 
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Normally, the solar battery depletion is assessed by 
irradiating an area of | m? with | kW light. With the new 
system, however, users can select up to 10kW light freely 
to perform accelerated tests. A xenon lamp is used as the 
source of light, and in order to apply light uniformly over 
a test sample’s surface, an integrator (fly’s eye lens) 
consisting of one oval mirror and 16 lenses was used. 


The point of the testing equipment is the amount of 
effective light which can be gathered over the sample 
test’s surface. Suga Shikenki has conquered this problem 
through the design of the optical system. Moreover, in 
order to see how change in day and night temperatures 
affects the test sample, the company provided the spec- 
trophotometer with a device to control sample’s surface 
temperature. The spectrophotometer allows users to 
measure with monochromatic light also. Because of the 
combination of the oval mirror, slits, diffraction grating, 
and convex mirror, it is possible to select from wave- 
lengths ranging from 250 to 700 nanometers. This makes 
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the spectrophotometer an effective tool which will tell 
users which wavelength of monochromatic light severely 
depletes the battery. 
Evaluation is based on the properties of light’s voltage 
and current. Researchers record record characteristic 
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High-Performance BiCMOS Ferroelectric Memory 

95FE0190A Tokyo NIKKAN KOGYO SHIMBUN 95FE0190B Tokyo NIKKEI SANGYO SHIMBUN 
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{FBIS Translated Text] NEC (H. Kaneko, president) 
developed bipolar device fabrication technology that will 
enable iow-cost high-performance bipolar-CMOS. Until 
now, forming high-performance bipolar elements and 
MOS (metal-oxide semiconductor) elements on the same 
substrate required more processes. This time NEC devel- 
oped a new process using an ultra-high-vacuum chemical 
vapor deposition (UHV/CVD) device to form the outer 
base region of the bipolar elements. As a result, NEC was 
able to produce bipolar CMOS (complementary metal- 
oxide semiconductor) using 12 masks, which is two 
masks less than with conventional methods and a 15 
percent reduction in the number of production pro- 
cesses. The bipolar and CMOS elements perform just as 
well as elements that were produced individually. NEC 
will work to make the technology practical for the next 
generation of 0.25-micron processes. 


Forming the p-type MOS gate electrode and outgoing 
bipolar p-type base electrode with the same polycrystal- 
line silicon was an effective way to reduce the number of 
bipolar-CMOS processes. However, because of the mis- 
match in the two’s thermal processing temperatures, 
boron in the p-type MOS gate electrode penetrated 
through the gate’s oxide film and affected the threshold 
voltage. Because of that problem the p-type MOS gate 
electrode and the outgoing bipolar p-type base electrode 
had to be formed separately. 


To get around that NEC developed a new process for 
forming the external base region of the bipolar element. 
The strong point of the new technique is that the 
diffusion area of the outgoing base electrode was formed 
with the oxide film over the bipolar side of the substrate, 
which was formed at the same time as the 7- 
nanometer-thick MOS gate oxide film, as the reference. 
After the oxide film was formed, an outgoing base 
electrode of polycrystalline silicon was formed. In 
making the emitter electrode window, that oxide 
film was etched away to create a 7-nanometer-thick, 
200-nanometer-deep space. 


A silicon film doped with a high concentration of 
boron was then deposited into that space by means of 
UHV/CVD, then rapid thermal processing (RTA) for 10 
seconds at 1,000°C was carried out, and the substrate 
was connected to the external base region. After that, 
impurities were injected into the p-type MOS gate elec- 
trode and the outgoing bipolar p-type base electrode, 
which served to eliminate the problem of boron pene- 
trating through the gate’s oxide film. The bipolar and 
CMOS gate delay times of a trial-produced bipolar- 
CMOS transistor were 29 picoseconds and 54 picosec- 
onds, respectively. The bipolar-CMOS transistors 
exhibited the same level of high performance as that of 
separately formed elements. 


[FBIS Translated Text] Sharp developed new technology 
that will enable megabit-class memory made of ferroelec- 
tric materials that are highly capable of storing elec- 
tricity. Sharp came up with a three-dimensional 
structure for the data-storing capacitors that lie on top of 
memory transistors. With those “stacked capacitors,” 
more memory cells can be arranged in a given space. 
Sharp also achieved 0.6-micron circuit line widths. 


Ferroelectric memory is an IC that is like ROM (read- 
only memory) in that information stored in it is not lost 
when the power is cut off and is also fast like RAM 
(random-access read-write memory). A broad range of 
uses for the memory, e.g., portable information termi- 
nals and memory cards, is expected. However, because 
ultrafine processing of such a material is difficult, the 
capacity of previously developed ferroelectric memory 
was limited to 256 kilobits. 


Sharp trial-produced memory made of a ferroelectric 
material called PZT (lead zirconate titanate) and suc- 
ceeded in achieving a cell area of 10.5 square microns, 
which is about half the size of that produced in the past. 
With high-density plasma etching technology and pro- 
cessing technology involving the use of a chlorine reac- 
tion gas, Sharp realized 0.6-micron ultrafine processing, 
the same as that used in the processing of 16-megabit 
DRAMs. By combining the two technologies Sharp is 
one step closer to developing megabit-class ferroelectric 
memory products. The company plans to apply the 
technologies to develop megabit-class ferroelectric 
memory products by 1997. 


In 1991, Sharp tied up with a U.S. venture firm, Saram 
Co. [transliterated] (Colorado Springs), and has since 
been proceeding with the development of ferroelectric 
memory. For the trial-produced ferroelectric memory 
Sharp used PZT, but in the commercialization stage 
Sharp plans to use a new material developed by Saram. 


Sharp will announce its new technology at the interna- 
tional IEDM conference on the 14th. 


Sharp Produces Prototype 256-Kilobit FRAM 
95FEO190C Tokyo KAGAKU KOGYO NIPPO 
in Japanese 13 Dec 94 p 9 


[FBIS Translated Text] Sharp trial-produced 256-kilobit 
ferroelectric memory (FRAM) using a 0.6-micron pro- 
cess that is hm in 16-megabit [memory production]. 
The charge-storing capacitors are made of a ferroelectric 
material and are stacked three-dimensionally on top of 
the transistors, which enables a higher degree of integra- 
tion. When the power is on, the FRAM acts as a DRAM, 
and data rewriting is fast. In addition, the FRAM is 
nonvolatile, so recorded data is not lost when the power 
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is cut off. Application of the memory in equipment such 
as portable information terminals is expected. Sharp 
plans to develop megabit-class FRAM products based on 
that memory cell structure by 1997. 


The FRAM consists of one-capacitor, one-transistor 
memory cells. It is nonvolatile and uses a thin film of 
PZT (lead zirconate titanate), which is a ferroelectric 
material that stores a great deal of electric charge. In 
order to reduce the size of the memory cell area, Sharp 
formed the capacitors on top of the transistors’ outgoing 
electrodes. 


Sharp established 4 dry-etching technique of forming 


etching with a chlorine-mixture gas, and then heating the 
substrate to 200-300°C. Sharp uses platinum for the 
electrodes, and employs other materials, a structure, and 
a fabrication technique that are suitable for stacked 
capacitors. 


The capacity of the trial-produced FRAM is 256 kilobits, 
and its operating voltage is 5 volts. The FRAM is at the 
level of practical use: its rewriting speed is the same as 
that of DRAMs, and the number of memory writes as the 
power is toggled on and off is 10° or more. The cell size 
is 10.5 square microns (a 16-megabit DRAM’s cell size is 
4-5 square microns). 


Mitsubishi, Matsushita Moving Toward Gigabit 
DRAMs 


95FE0190D Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 14 Dec 94 p 5 


{FBIS Translated Text] Matsushita Electric Industrial 
Co. and Mitsubishi Electric Corp. developed tiny tran- 
sistors that will be needed for one-megabit DRAM 
(dynamic read-write memory that needs to be refreshed). 
Matsushita and Mitsubishi achieved gate electrode 
lengths of 0.05 microns and 0.1 microns, respectively; 
the gate electrode is the basic part of a transistor that is 
used for control. Making the electrodes very small opens 
the road toward higher integration, which will allow 
devices to operate much faster and on less power. 
Mitsubishi reported its results on 13 December at the 
“International Electronic Devices Meeting” (IEDM) 
which was held in San Francisco. Matsushita will 
announce its development there on 14 December. 


H Transmission in the World Achieved 

With Matsushita’s 0.05- Gate Electrode 
Matsushita Electric Industrial Co. developed the small- 
est-scale CMOS (complementary metal-oxide semicon- 
ductor) transistor in the world. The length of the 
transistor’s gate electrode is 0.05 microns. Reducing the 
length of a gate electrode to 0.25 microns or less had 
been regarded as an extremely difficult feat. Matsushita 
aiso achieved the highest signal transmission speed in the 
world for a CMOS transistor, and that may lead to the 
development of practical gigabit-class memory. 
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driven with 1.5V, the signal delay time was 13.1 pico- 
seconds. 


There are examples of non-CMOS transistors with gate 
lengths under 0.1 microns. However, this is the first 
development of a CMOS transistor that consumes less 
power. This result will open the way to the next genera- 
tion of ultra-high-integration memory. Matsushita 
expects applications of the new transistor in dey ces such 
as the CPUs (central processing units) of high- 
- “ee portable computers that are driven by dry 
cells. 


Mitsubishi Electric’s Transistor Lasts 100 Times 
Longer—C obalt Thin Film Prevents Deterioration 


Mitsubishi Electric established technology for processing 
ultra-small CMOS transistors in which the length of the 
gate electrode is 0.15 microns. Decreasing the transis- 
tor’s electrical resistance helped boost its operating 
speed. In addition, because deterioration of the silicon 
oxide film beneath the electrode is prevented, the tran- 
sistors last about 100 times longer than conventional 
CMOS transistors. Mitsubishi emphasizes that its tech- 
nology is already practical and that it will use the 
technology to achieve more highly integrated memory 
and to increase the speed of CPUs. 


To make a transistor operate at a higher speed, the 
electrical resistance of the part of a transistor where 
current flows must be reduced. Mitsubishi vapor- 
deposited cobalt on the surfaces of the transistor’s gate 
electrodes and the semiconductor substrate, then 
injected silicon ions to form a thin film of cobalt silicide. 


As a result, the transistor’s electrical resistance could be 
reduced to about one-hundredth of the resistance of a 
conventional CMOS transistor. When the transistor was 
driven by 2V of power, the delay time (the time it takes 
for current to pass through one transistor), which indi- 
cates the operational speed, was 20 picoseconds—the 
world’s highest level of speed for a CMOS transistor. 
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In addition, to keep the silicon oxide insulating film 
between the gate electrode and semiconductor substrate 
from deteriorating, Mitsubishi used a method of 
injecting nitrogen ions into the electrode. 

The one-gigabit DRAM is highly integrated memory that 
is expected to become practical in the early 21st century. 
The issues for DRAM makers are the speed of 
the memory’s ultra-small transistors, and making the 
transistors last longer. 


NTT Tests Room-Temperature Single-Electron 
Transistor 


95FEOI90E Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 16 Dec 94 p 5 


{FBIS Translated Text] On 15 December, Nippon Tele- 
graph and Telephone (NTT) announced that it had 
trial-produced a single-electron transistor, which is one 
of the next generation of devices that utilizes quantum 
effects. NTT was also the first to succeed in getting the 
transistor to operate at room temperature. In a single- 
electron transistor the flow of a single electron of current 
can be controlled. By using ultrafine processing tech- 
niques to fabricate the single-electron transistor, NTT 
improved the precision of quantum fine line processing 
and overcame the problem encountered in the past, i.e., 
that the transistor would only function at temperatures 
below -270°C. Because the single-electron transistor can 
be made to operate with less power and can be integrated 
on a very large scale, its application in gigabit-class 
memory can be expected. 


The single-electron transistor is expected to be used in 
the four-gigabit and larger-capacity memory that should 
appear around 2010. NTT says that its next research 
based on these results will be on integrating many of the 
transistors. 

NTT used it own technology, called SIMOX (insulation 
by oxygen injection), to trial-produce the transistor and 
form quantum fine lines. The technology involves 
implanting oxygen ions into a silicon substrate and then 
forming in the substrate a silicon dioxide layer that acts 
as an insulating film. 


The fine lines are 10 nm high, 5 nm wide, and 70 nm 
long. In addition, by reducing the sizes of both of the fine 
line’s ends, which connect to electrodes, NTT found a 
way to form energy barriers there so that the structure 
acts like a quantum box. 


As a result the energy difference between the electrodes 
at both ends and the fine line is kept small so that it’s 
possible to determine with certainty a change in energy 
equivalent to one electron’s energy, even when the 
transistor operates at room temperature. With the tran- 
sistors that were trial-produced before, the precision of 
the fine line processing was low, and extremely small 
energy changes could not be detected unless the tran- 
sistor was cooled down to -270°C. 
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If a way can be found to further reduce the dimensions of 
the quantum fine lines, NTT hopes to proceed with 
improving the transistor so that it will operate more 
reliably at room-temperature levels. 


The single-electron transistor utilizes a quantum- 
mechanical phenomenon called the tunnel effect. 
Because the tunnel effect occurs in an extremely small 
region, the size of the transistor is kept small. 


Research Progresses Towards High-Capacity Flash 
Memories 

95FE0190F Tokyo NIKKEI SANGYO SHIMBUN 

in Japanese 14 Dec 94 p § 


[Article by Yoshiro Hasuda: “With Better Reliability 
and Durability, Development of Giga-Class Flash 
Memory Looks Realistic”] 


[FBIS Translated Texi] Enthusiastic R&D efforts are being 
made to attain higher capacities of flash memory (random- 
access read-write memory that can be erased or rewritten 
all at once). The nonvolatile memory that continues to 
hold its information when power is cut off is essential for 
portable information equipment with limited battery 
power. Furthermore, in the coming multimedia age when 
large volumes of information will be handled, there will be 
a need for high-capacity memory that can be rewritten at 
any time. This article looks at the trends in flash memory 
development from the topics presented at.the Interna- 
tional Electronic Devices Meeting (IEDM), which is now 
being held in San Francisco. 


Indispensable to Equipment Such as PDAs 


Although flash memory is classified along with ROM 
(read-only memory) as nonvolatile memory, it greatly 
differs from ROM in that its contents can be rewritten as 
the need arises. An element of flash memory has a 
“floating electrode” that is covered by an insulator. Data 
is retained in the element by virtue of electrons being 
injected from the outside into the floating electrode in a 
state where a strong electric field is applied or electrons 
being pulled out from the floating electrode 


The current capacity of top-of-the-line, mass-produced 
flash memory is four megabits. Flash memory already 
has a niche as a main part for cellular phones, PDAs 
(personal portable information terminals), and other 
such equipment that requires low power consumption. 
With respect to memory capacity, flash memory lags one 
19 two generations behind DRAM (dynamic read-write 
memory that needs to be refreshed). But, if high-capacity 
flash memory becomes possible it could replace DRAM, 
which is the main memory of personal computers. 


Higher Reliability and Durability; Real Interest in 
Giga-Class Development 

The problem encountered in attempts to increase the 
capacity of flash memory was poor data erasure perfor- 
mance. To rewrite information in memory the informa- 
tion that is stored there must be completely erased. 
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However, when memory cells are made smaller in order 


the 
erased, and (2) the cells’ durability decreases.  - 


Control the Number of Crystal Grains 
NEC discovered that controlling the number of crystal 


floating 

“From studies of one- and four-megabit flash memory 
products already on the market, we found that the 
number of crystal grains holds the key.” 


H 
g 
; 
i 
Be 


“Up until now, we were applying a strong voltage of 12V 
between the floating electrode and the substrate, but we 
could get the flash memory to work the same way with the 


stl 
i 


he says, the maximum number of times that the memory 
could be erased was increased from 100,000 to 1,000,000. 


NEC, NOR: Toshiba, NAND; and Hitachi, AND. 
Accordingly, combining NEC’s and Mitsubishi’s 


Each flash memory cell, which holds one bit of informa- 
tion, has a floating electrode that is covered by an 
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insulator. The electrode exhibits two states: “0” if an 
electron is there, and “1” if there is no electron. 


In order to get electrons into and out of the floating 
electrode, a strong electric field is created so as to utilize 
the electron’s tunnel effect and the hot electrons in a 

state. As long as that special manipulation is 
not done the flash memory cell wi!! continue to hold its 
information even if the power is cut off because the 
floating electrode is electrically shielded from the outside. 


In contrast, a typical DRAM cell’s content is judged to be 
“0” or “1” by whether or not electricity has accumulated 
in the cell’s capacitor. Consequently, power must be con- 
tinuously supplied to the cell for it to maintain that state. 


Fujitsu Develops CMOS/SRAM Technology for 
Logic LSI 

95FE0190G Tokyo NIKKAN KOGYO SHIMBUN 

in Japanese 16 Dec 94 p 7 


[FBIS Translated Text] Fujitsu (Tadashi Sekizawa, pres- 
ident) developed full CMOS/SRAM technology that will 
enable the company to lower the cost of 0.25-micron 
logic LSIs that have built-in SRAM. Fujitsu strove to 
simplify the fabrication processes and achieve a smaller 
LSI area by developing new techniques, such as forming 
local wiring directly over gate electrodes without any 
insulating film between the two, and thereby realized a 
minimum-level cell size of 10 square microns for a 
six-element configuration of SRAM. Fujitsu thinks the 
technology can be ready for use in mass production in a 
short period of time and plans to put it into actual use by 
1997 or 1998. . | 

This SRAM technology is for memory that is incorporated 
into an LSI. Because the technology makes logic LSIs faster 
and more resistant to soft errors and makes the fabrication 
processes more consistent with the logic of the LSI, Fujitsu 
could fabricate a more compact six-element full- 


configuration SRAM. To achieve that new technologies 


First, Fujitsu used a technique of forming local wiring 
made of titanium nitride for the wiring near the inside of 
logic gates and for parts of the cross cables that straddle 
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(FBIS Translated Text] Matsushita Electric Industrial 
Co. (Hiroichi Morishita, president) developed the 


length of the transistor’s gate electrode to 0.05 microns. 
The development broke through the conventional limit 
of transistor miniaturization and opens the way to 
gigabit memory. 

Up until now the solid-layer diffusion method was used 
to fabricate 0.1-micron and smaller transistors, but 
forming n-type and p-type MOS on the substrate was 
difficult. Matsushita succeeded in the miniaturization by 
injecting ions with a low energy (5 keV) and by thermal 
processing for a short time (10 seconds) with a method 
called RTA to make the junctions shallow. 

In addition, deterioration in the transistor characteris- 
tics due to the short channel effect was checked without 
any increase in parasitic capacitance between electrodes; 
the use of a metal silicide in the electrodes also reduced 
the parasitic resistance. Matsushita also achieved the 
fastest delay time in the world, 13.1 picoseconds (when 
the transistor was driven with 1.5V). 


Toshiba Develops High-Speed, Energy-Saving 
MOS Transistor 
95FE0190I Tokyo NIKKEI SANGYO SHIMBUN 


in Japanese 9 Dec 94 p 5 


[FBIS Translated Text] On 8 December Toshiba 
announced that it had confirmed the room-temperature 
operation of a trial-produced MOS (metal-oxide 


JPRS-JST -95-012 
3 March 1995 


semiconductor) transistor that will enable significantly 
faster and more power-conserving LSIs. Toshiba 
researchers discovered a new phenomenon that occurs 
when a transistor’s gate electrode is reduced to a very 
small size; even if the gate oxide film is very thin, a large 
current flows. The researchers produced a gate oxide 
film that was 1.5 nm thick, which is half as thick as the 
3 nm that was thought to be the limit up until now. 
Although the transistor will not be ready for practical use 
for several years, it will enable LSIs to operate five times 


’ faster than present-day LSIs and on one-tenth as much 


power. 


Toshiba will announce its research results at the Inter- 
national Electronic Devices Meeting that will begin in 
San Francisco on the 1! Ith. 


The trial-produced transistor is a silicon MOS-FET 
(field-effect transistor) and has a gate length of 90 nm. Its 
current driving force, which is an indicator of the tran- 
sistor’s operating speed, is 1.4 mA per micron, or about 
twice the maximum value ever achieved in the past at 
room temperature. 


In general there are two ways to make an LSI faster: (1) 
increase the speed at which the electrons move by 
shortening the lengths of the transistors’ gates to thereby 
increase the electric field in the region where the current 
flows (the channel), and (2) increase the electron density 
by making the gate oxide film thinner. 


In principle, however, if the gate length is 100 nm or less, 
the speed at which the electrons move reaches a state of 
saturation. On the other hand, if the thickness of the gate 
oxide film is 3 nm or less, normal operation is not 
possible because of the leakage current that arises as a 


result of tunneling. 


Nevertheless, Toshiba discovered that the leakage cur- 
rent that occurs along with a thinner gate oxide film will 
decrease significantly if the gate length is made smaller 
than 100 nm. 


This new technology may be applied in MPUs (micro- 
processing units). At the same operating speed the power 
consumption can be about one-hundredth that of MPUs 
using current technology. 


T T Method for 
echnology Team Develops 


95FE0190J Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 8 Dec 94 p 5 


{[FBIS Translated Text] The team working on the 
Kimura Molten-Liquid Dynamics Project (led by 
Shigeyuki Kimura, head of the Science and Technology 
Agency’s National Institute for Research in Inorganic 
Materials), which is one of the Exploratory Research for 
Advanced Technology Projects (ERATO) instituted by 
the Research Development Corporation of Japan 
(JRDC; Hiromichi Matsudaira, director), was the first in 
the world to discover that, near gallium atoms present as 
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trace amnounts of impurities in a molten silicon liquid at 


1,430°C, silicon atoms bind much more strongly than . 


generally thought. The research team developed a new 
high-sensitivity X-ray absorption fine structure 
(EXAFS) device for use in molten liquid to make the 
observations. This result will gain attention as a dis- 
covery that will have applications in technology for 
atomic-level control of wafer growth and will lead to 
higher-quality large wafers. 

The research result will be announced at the JRDC 
symposium to be held at Keidanren Hall in Otemachi, 
Tokyo on 9 December. 


The EXAFS device that was developed has improved 
jigs, etc., so that it can be used in a molten liquid; it also 
has a higher degree of sensitivity in fluorometric analysis 
involving the absorption and re-emission of X-rays. The 
device can measure the structure in and around atoms in 
a molten liquid in the form of interatomic distances. 


The research group used the device to observe the 
distance between silicon and gallium atoms in molten 
silicon that had been placed into a boron nitride crucible 
ano doped with Group-IIl gallium. When the gallium 
concentration was | percent or less, the distance between 
silicon and gallium atoms was 2.2 Angstroms. In com- 
gallium atoms in molten silicon, 2.5 Angstroms, that is a 
closer range. 


Contrary to general thinking up until now, at low con- 
centrations of gallium the silicon and gallium atoms line 
up strongly with a short distance between them, and the 
silicon atoms exhibit a state where there are four atoms 
around a gallium atom. On the other hand, that sort of 
structure disappeared when the concentration of gallium 
was 5 percent, and the research team verified that six 
silicon atoms lined up around a gallium atom, as the six 
ligands characteristic of molten silicon. 


A structure in which silicon atoms line up as four ligands 
around a gallium atom resembles that of Group-IV 
silicon’s solid ine structure. Therefore, if that sort 
of ligand relationship at the atomic level can be realized 
in a liquid state as well, then it can be used in the control 
conditions for crystal pulling as the silicon chenges from 
a molten liquid into a solid. This time the research team 
experimented with gallium, which is easy to measure, 
anal cat tiein deine tates chen 
expected with boron, phosphorus, antimony 

and other such impurities that are used oa “doping 


monocrystalline silicon. 


As silicon wafers get larger, obtaining homogeneity in the 
surface of the wafer will be the big issue. At the 12- and 
16-inch levels of next wafers, atomic-level 
investigations of crystal pulling control technology will 
be increasingly necessary. The results of this research 
give impetus to that movement. 
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MEL, AIST Laboratory Develop Minute Silicon 
Electron Gun 


95SFE0190K Tokyo KAGAKU KOGYO NIPPO 
in Japanese 13 Dec 94 p I 


(FBIS Translated Text} 


Ultra-High-Speed Device Applications Possible 

Matsushita Electric Industrial Co., in cooperation with 
the Agency of Industrial Science and Technology, devel- 
oped minute micron-order silicon electron guns (electron 
sources). Fine-processing technology for ultra-large-scale 
integration was used to form cathodes and other such 
structures on silicon substrates. As in a CRT, electrons 
are discharged from the cathode to the anode in a 


14 percent or css of that of conventional devices of this 
type. Matsushita aims to exploit the characteristics— 
electrons moving at high speeds in a vacuum—and apply 
the devices in milliwave-band ultra-high-speed devices. 
In addition, if many of the electron guns can be formed 
densely on a substrate, there may also be applications in 
1-mm-thick high-detail self-luminous flat displays that 
are bright and casy to look at. 


The electron guns are vacuum microdevices in which 
electrons are emitted from a cathode and move toward 
an anode when a voltage is applied to a gate electrode in 
a vacuum. Matsushita developed an electron gun for flat 
displays (the electrons move in a direction perpendicular 
to the substrate) and an electron gun for ultra-high-speed 
devices (the electrons move in a direction parallel to the 
substrate). The sizes of both are micron-order. 


Anisotropic etching (dry/wet) of a silicon substrate and 
other techniques were used to create cathode structures 
between neighboring gate electrodes. Until now, if the 
gate electrodes were not very large, electrons were not 
discharged from the cathodes. Matsushita’s electron gun 
for flat displays has a cathode that is needle-shaped with 
a sharp point (a tower structure), and its electron gun for 
ultra-high-speed devices has a cathode that is shaped like 
a cylinder whose middle is whittled down (a cocktail 
glass structure). Because of those structures Matsushita 
could reduce the operating voltages to 8V (60V in the 
past) for the electron gun with the tower-shaped cathode, 
and 14V (100V) for the electron gun with the cocktail- 
glass-shaped cathode. 


Many of the electron guns can be formed one micron 
apart (i.e., 100 million electron guns per square centi- 
meter) on a silicon substrate to realize a hi 
l-mm-thick self-luminous (even in bright places, easy to 
look at) flat display. And, because the electrons can move 
much faster in a vacuum than in a solid, there may also 
be applications in milliwave-band ultra-high-speed 
devices. 
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LSI Makers Competing for 32-Bit Game Market 


95FE0193A Tokyo NIKKEI MICRODEVICES 
in Japanese Dec 94 pp 100-105 


performance 
price requirements are much stricter than those for LSIs 
for personal computers. Those whe will dominate are 


these who are stronger in system technology and whe are 
capable of planning that refiects the market. 
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If successful, a game machine forms a market that 
steadily consumes several million units of microproces- 


“the 

NEC. Made with 0.5- and 0.35-4m processes, the LSis 
that will become the companies’ feature products are 
used j in i 


The only LSI makers who will dominate the market are 
those who are strong in the area of system design and can 
increase the performance of their systems by combining 


That Conforms ts the Developent Concepts f the 
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the LSI maker and the game machine maker. That is 
because the architectures of game machines have not 


decides whether or not the LSI maker will acquire users. 
Game Machine Companies’ Objectives Reflected in the 


machines are evolving in two different directions. All 


As for the other development concept, the intention is to 
terminals, e.g., cable-TV set-top terminals. By stressing 
the importance of the microprocessor’s performance, 
both lower prices and higher general-purposeness can be 
achieved. The 3DO Co. of the U.S. is taking this route. 


One indicator that directly measures the performance of 
a 32-bit game machine is the machine's polygon pro- 
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on the basis of polygon processing performance alone. 
— apy lh ne oF apne ae gm ay 
that, because the Playstation uses many dedicated graph- 


microprocessor. 
of the Playstation was jointly developed by SCE and LSI 
Logic Corp. of the U.S. 
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Integration Technology Utilized to Lower the Price 


The LSI that forms the nucleus of the Playstation is a chip 
im which the R3000 fabricated by LSI Logic, the geometry 
engine, and other such circuits were integrated in an ASIC 
design environment. Like LSI Logic, there are other 
makers, such as Toshiba and NEC, who can use the R3000 
as the standard cell core. SCE’s reason for choosing LSI 
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number of chips and thereby lower the cost. As a result, 
the number of main logic LSIs in one game machine 
could be kept down to three. Sega’s Saturn uses nine LSIs 
that were fabricated by a 0.8-4m process. 


In order to achieve the performance required by SCE, 
LSI Logic combined the geometry engine with the R 3000 
core and made it into a coprocessor that is linked in 
tion resembles that of a microprocessor with an FPU 
(floating-point unit) but the FPU is replaced by the 
geometry engine. SCE also sees a big difference between 
LSI Logic and Japanese LSI makers in their CAD 
technology, testing technology, and technology for 
nS Sp Ge Se Se SS Ce ae 


If There Is an OS, LSIs Can Evolve 


The game machine maker that “does not want its 
product to be regarded as simply a game machine,” and 
puts the most emphasis on the nature of its product as a 
general-purpose multimedia terminal is 3DO. 3DO’s 
game machine is unique in that, like the configuration of 
a personal computer sytem, it has an OS (operating 
system) sandwiched betw.en the hardware and software. 
IBM Corp., and Motorola Inc., both of the U_S., used the 
existence of an OS and succeeded in changing the 3DO 
microprocessor from the ARM6, made by Advanced 
RISC Machines Lid. of the UK, to the PowerPC. 
3DO’s system with an OS in the middle is attractive to 
LSI makers. That is because higher-performance LSIs 
can be used in the 3DO system. Even if the micropro- 
cessor changes, compatibility can be maintained by 
updating the OS. Although it is obvious that processing 
speed drops if there is an OS between the hardware and 
software, 3DO will stick with an OS “because the field of 
uses will broaden to include use as a cable-TV set-top 
terminal without any loss of compatibility,” says a 
spokesman from 3DO Japan. By the end of 1995 3DO 
plans to sell an adapter with a 64-bit RISC processor, the 
M2, which has the architecture of the PowerPC. 


Ptanning Ability: Orders By Using a Strategy 
Salted to the Structure ay bh 

LSI makers cannot get into the game machine market 
unless their planning is rooted in the trends and distinc- 
tiveness of the game industry. One trend in 32-bit game 
machines that has the greatest effect on LSI makers is the 
use of CD-ROM. On the other hand, the point about the 
distinctiveness of the game industry that must be heeded 
is the long life of its products. 


Profits Made By Including DRAMs 


All game machine makers except for Nintendo use 
CD-ROM, instead of the mask ROM of the past, as the 
medium that provides the software. Consequently, it is 
hard to expect any growth in the market for mask ROM 
for game software. On the other hand, however, the 
demand for general-purpose DRAM for temporary 
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storage of CD-ROM data and ~~ DRAM for 
displaying high-resolution images will expand. Only 
np tenes Ss Coane 
software [cartridges] is needed, and LSI makers can sell 
it at any time. In contrast, an LSI maker has to compete 
during the development stage to get orders for the 
DRAM that goes into a game machine. Hitachi, who 
produces the LSIs for the Saturn game machine, is one 
uercameny Se Coase nes 
total technology with which it can combine 
DRAMs with logic LSIs. 


CD-ROM is not used for the purpose of greater software 
capacity. For a game machine maker, use of the CD- 
ROM is the trump card for moving the software over to 
its own camp without having to burden glamorous 
software makers. For that reason the shift toward CD- 
ROM will not stop, even if a large volume of mask ROM 
is made. Every game machine maker will work out plans 
for moving popular software for its machine over to 
CD-ROM. Nevertheless, from the software makers’ 
viewpoint, there will be a higher probability that inven- 
tories of unsold software will grow, which could lead to 
price crashes. If a game machine uses CD-ROM, 
increases in inventory can be prevented because, as 3DO 
claims, “if 10,000 CD-ROM disks, for exampie, are 
needed, they can be prepared in three days.” In con- 
possibility of accumulating 
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impossible to the signal. Thus in the past it has 


recognize 
been difficult to conduct ultra-high speed and long 
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waveguides are embedded crisscrossed in the substrate 
znd putting in and taking out a liquid whose refractive 
index ts the same as that of the waveguide. The direction 
of the signal is ccntrolled, either straight or perpendic- 
ular, by the difference in the refractive index between the 
liquid and air. The movement theory has been con- 
firmed with a millimeter-size model. This technology has 
the possibility of application in connection switch 
devices for fiber optic networks in intelligent buildings. 


The new system employs a type of micro-mechanism in 
which a micro electromagnetic switch and optical 
waveguide are combined. An orthogonal optical 
waveguide is embedded in the substrate, and optical 
fibers are connected to the end of the optical 


cylindrical 
The liqui ] movement in and out of the tank is controlled 
by the capillary phenomenon and a cylindrical electro- 
magnetic switch. 
When the electromagnetic switch is lifted from the 
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MPT To Develop Next Generation Communications 
Satellite System 


95P60086C Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 17 Jan 95 p 1 


{FBIS Translated Text] 


To Supplement Fiber Optic Networks 


The Ministry of Posts and Telecommunications (MPT) 
has decided to develop and install the next generation 
“satellite communication networks” which enable trans- 
mission of the large data files required by high quality 
computer images. The decision was based on the judg- 
ment that it is essential to ease congestion in ground 
cable circuits and to make information available in 
remote areas of Japan as well as developing countries. 
Advice on technology standards will be made by the 
Telecommunications Technology Council (TTC, MPT’s 
advisory body). After coordinating with other concerned 
ministries and agencies, MPT intends to put priority on 
this development plan in their budget proposals after 
FY96. This may encourage the industrial and financial 
communities to adapt their strategies from their present 
focus on fiber optic network areas. 
MPT is planning to develop and install a satellite com- 
munications system with a transmission speed of 
tely 1-2 gigabits per second. This capacity is 
10-100 times greater than that of NTT’s commercially 
available ground digital communication technology. The 
hew system is capable of transmitting the information 
contained in an average month’s worth of newspapers in 
1-2 seconds, and also will enable home access of elec- 
tronic libraries and transmission of the high quality 
images necessary for remote medical systems. 
As a step toward commercialization of such a satellite 
communications system, the MPT will ask the TTC to 
address technical subjects such as the roles to be played 
by industry, government, and academia in the R&D 
system, the development schedule, and measures for 
establishing international technical standards. 
In addition, a “High Speed Satellite Communications 
Investigation Research Group” will be formed in Feb- 


technology. 2 owe ae Se 


will be commercially available within 10 years. 
In response to the announcement of the Information 
Initistive in September 1993 by U.S. Vice 
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telecommunications. Japan’s slower response was well 
illustrated by the lower capacity of Japanese satellite 
capacity demonstrated at the bilateral satellite commu- 
nication experiments held in November 1994. 


NT’; Data Develops Satellite Data-on-Demand 
System 


95P60086D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Jan 95 p 11 


[FBIS Translated Text] 


Low Cost and High Performance 


NTT Data Communications (President, Shiro Putte) 
has developed a satellite data-on-demand system which 

allows calls to be made freely from remote areas for 
dynamic images and voice which are stored in the server 
at unattended centers using the communication satellite 
“JCSAT-2.” The company will install the system in- 


Center), where the file server is set up, and clients in. 
remote areas. The file server can be connected with 
multiple information provider (IP) hosts and the con- 
tents on the server can be changed. 


server through public telephone networks to obtain 
images and text data need. Then the unattended 





This report may contain copyrighted material Copying and dissemination | 
is prohibited without permission of the copyright owners. 











JPRS-JST-95-012 
3 March 1995 


NTT Data Claims that the newly developed system is 
“suited for unbalanced communications systems of the 
type in which abundant data comes down while only a 
small amount of data goes up.” At present, the company 
intends to develop an in-house system by April and the 
clients are scheduled to be located at the company’s 10 
major stations. 


The company plans to actually use the new system for 
data transfer in the maintenance department where a 
lot of text data is handled and also for business tools. 


Toshiba 0.06 Cubic Centimeter Power 
Amplification Module for PHS Transmission 


95SFEOO96A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 25 Nov 94 p 7 


[FBIS Translated Text] Toshiba Corp. (Fumio Sato, 
president) announced on the 24th that it has developed a 
power amplification module for 2.7V, simplified por- 
table telephone (PHS) transmission. At 0.06 cubic cen- 
timeters, it is the smallest in the industry. In addition to 
optimizing the circuit arrangement to the module 
through a simulation, a land grid array (LGA) connec- 
tion was adopted, so that the mounting area is one-third 
that of existing modules. Toshiba will utilize these for 
second generation PHS two years from now. 


The module was completely optimized through a highly 
precise simulation of a function for a monolithic micro- 
wave integrated circuit (MMIC) which unifies the gal- 
lium and arsenic power amplifier IC with the 
surrounding circuits, and of a circuitry arrangement that 
in area with an LGA mounting that organizes all the 
connecting terminals to the outside on the back of the 
substrate. This enabled the creation of the industry’s 
smallest module, 5.5 x 5.5 x 2.0mm. 


The module has a MESFET power element and employs 
a tungsten nitride- and tungsten-laminated gate, which 
has superior mass producibility. In addition, a high 
resisting pressure was devised by means of a self- 
adjusting asymmetrical source drain structure, enabling 
low distortion, high efficiency operation despite the low 
voltage and single power source drive. 


The surrounding circuits external to the power amplifier 
IC consist of only six low-cost parts, and were devised to 
be high performance, smaller, and less expensive, 
through measures such as solder heating, which can 
lower the cost of bonding to the substrate. 
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MELCO Develops Monolithic Microwave Integrated 
Circuit Low Noise Amplifier 


95FE0096B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 25 Nov 94 p7 


[FBIS Translated Text] 


Noise Index of 3.4 db Achieved 

Mitsubishi Electric Corp. (MELCO; Takashi Kitaoka, 
President) announced on the 24th that it has developed 
a 90 gigahertz (GHz) band low noise amplifier with 
monolithic microwave integrated circuit (MMIC), which 
decreases size and weight while it improves milliwave 
communications equipment performance. With a noise 
index of 3.4 decibels (db) at the 90 GHz band and a gain 
of 8.7 db, it has the world’s highest standard of perfor- 
mance. All circuit parts are integrated onto a gallium and 
arsenic substrate, and performance was improved by 
shortening the gate length to 0.15 microns. The amplifier 
is expected to be utilized in the earth observation satel- 
lite (ADEOS-II) to be launched by the National Space 
Development Agency sometime in 1998, as a weak radio 
wave amplifier for the microwave radiometer: (AMSR) 
carried on board. The MMIC is installed in the AMSR, 
and is capable of high precision amplification from weak 
radio waves at temperatures below 1°C through thermal 
resolution; this enables observation of the global envi- 
ronment, including air temperature changes and water 
temperature distribution. High precision processing is 
required because the milliwave band MMIC wavelength 
is extremely short. A high degree of processing precision 
was achieved by developing a technique for selective 
etching of the dielectric film, which forms the conductor 
needed to reduce gain. This enabled successful mono- 
lithic microwave integration. 

The element used is a high electron mobility transistor 
pony which has a gate 0.15 microns in length. The 
gate has a T-shaped profile, which lowers the gate’s 

resistance. This enabled a minimum noise index of 1.6 
db a t the 60 GHz band and 2.5 db at the 90 GHz band, 

the highest level of performance in the world. Parasitic 
inductance was reduced, and a gain of 8 db at 60 GHz 
and 5 db at 90 GHz was achieved. 

In addition, a high-precision circuit simulation tech- 
nology was also developed in order to manufacture 
MMIC at the ultra-high frequency of 90 GHz. This 
allows the high performance specified in the design to be 
attained. 

MELCO now intends to work on early stage applica- 
tions, estimating that the uses for milliwave bands, the 
frequency resource for the future, will expand to include 
mobile communications, wireless LAN (local area net- 
works), and radar for avoiding automobile collisions. 
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MPT Saggests All Initiative at APT Administrative 
Committee Meeting 


95FE0096D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 15 Nov 94 p 11 


{FBIS Translated Text] The Ministry of Posts and Tele- 
communications (MPT) will propose a concrete initiative 
for an Asian edition of the information superhighway (All) 
to the Administrative Committee of the Asia-Pacific Tele- 
communications Society (APT) meeting being held in 
Bangkok from 15-23 November. In August, the APT held 
its first special assembly with AII as its theme at MPT’s 
petition, and concluded a basic agreement on AII construc- 
tion. Proposals expected at the current meeting include 
establishing workshops and creating a site for information 
exchanges on applications that are in great demand in 
ing countries. In addition, the 1995 budget and 
activities plan, and greater efficiency in the APT organi- 
zation, will be determined by the Administrative Com- 
mittee. The APT consists of communications supervisory 
agencies and enterprises from 28 countries and three 
regions. Headquarters are in Bangkok, and Mr. Hiroyoshi 
Onjo was sent by MPT to serve as the APT director. 
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NTT Te Cooperate With Chile for B-ISDN 
Development 


95FEOO96E Tokyo NIHON KEIZAI SHIMBUN 
in Japanese 19 Nov 94 p 10 


{[FBIS Translated Text] Nippon Telegraph and Tele- 
phone Corp. (NTT) announced on the 18th that it will 
cooperate with Chile on a B-ISDN (broadband inte- 
grated service digital network) development project, to 
be led by the University of Chile. The NTT Communi- 
cations Network Research Laboratory (in Musashino, 
Tokyo Prefecture) concluded an agreement with the 
University of Chile on the same day. This is NTT’s first 
overseas cooperative B-ISDN project. 


The “Access Nova Project” that NTT will be collabo- 
rating on will continue from 1995 to 1998, and will 
attempt to set up a next-generation communications 
network (an experimental network) that will provide 
Chile with an ultra-high speed transmission capacity of 
2.4 gigabits per second (gigabit = billion bits). 
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JDA Te Contract With MHI for High Tensile 
Strength Steel Technology R&D 


Responding to Joint US-Japan Defeuse S&TF 


95P600°9A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 20 Jan 95 p 15 


{[FBIS Translated Text] The Japan Defense Agency 
(JDA) has decided to grant a research contract to Mit- 
subishi Heavy Industries, Ltd. (MHI) and Kawasaki 
Heavy Industries Ltd. (KHI) to develop the “advanced 
steel (ultra-high tensile strength steel) technology” nec- 
essary to develop future high performance submarines, 
substantive research for which is planned to begin after 
FY96. The U.S. and Japanese governments initially 
agreed at the U.S.-Japan Defense Development and 
Systems and Technology Forum (S&TF) to start joint 
development work on advanced steel technology. They 
are scheduled to sign the Memorandum of Under- 
standing (MOU) before the end of FY94 for joint devel- 
opment. JDA decided the participating contractors as 
quickly as pessible to be well prepared for the joint 
project, and to facilitate future U.S.-Japan talks. 


Submarine structures must have high resistance to pres- 
sure and resist damage from enemy attack. Recently 
research activity intended to increase the depth at which 
submarines can operate has gotten under way. As a result, 
new steel materia!s and welding technologies that support 
submarine bodies have become important subjects for 
development. The advanced steel technology development 
is part of that effort. JDA began basic research in FY82 to 
substitute ultra-high tensile strength steel materials 
(advanced materials), including alloy steel, for conven- 
tional steel materials, and also began work on assembly 
welding and processing technologies at the same time. The 
research phase has been upgraded to the prototype level 
since FY93 and research on the production of prototypes 
and their evaluation is scheduled to begin in FY95. 


JDA To Contract With MELCO for Next 
Generation Security Radar Development 


NEC, Toshiba To Cooperate 
95P60089B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 19 Jan 95 p I 


[FBIS Translated Text] The Japan Defense Agency 


Prototype development research is scheduled to begin in 
FY95. The official contract will be signed sometime in 
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FY95 to conduct research on the prototype. The demon- 
stration and practical application phases of research will 
then begin with deployment anticipated in the year 2006 
at the latest. In addition to prime contractor MELCO, 
NEC Corporation and Toshiba Corporation have been 
chosen informally to participate in the development 
project. It is quite rare for ali three Japanese major 
communication manufacturers to participate in one 
praaet so its research achievements are of great interest 
to all. 


The next generation of radar will adopt the “bistatic 
radar system” in which the receiver is some distance 
from the transmitter, with separate antennae for each. 
va eee has yet to be developed anywhere in the 
world. 


JDA To Develop Multipurpose Small Unmanned 
Aircraft 


Mitsubishi Heavy Industries To Participate 


95P60089C Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 23 Jan 95 p 17 


{FBIS Translated Text] The Japan Defense Agency (JDA) 
has decided to start basic R&D in FY95 on a multiple 
purpose small unmanned aircraft (small aircraft) for the Air 
Self Defense Force. The objectives of the development plan 
are to use the small aircraft for reconnaissance and as a 
decoy against enemy forces as well as for training targets. 
This will help to improve Japan’s air defense capability and 
reduce troop size while improving the safety of troops on the 
field. Approximately ¥ 500 million out of the Technical 
Research and Development Institute (TRDI) of JDA’s R&D 
budget will be invested in the basic research. Deployment is 
expected after FY2000. Three aircraft manufacturers, 
including Mitsubishi Heavy Industries Ltd., Kawasaki 
Heavy Industries, Ltd., and Fuji Heavy Industries, Ltd., will 
surely apply to participate in the development. JDA’s selec- 
tion of the company to participate has generated consider- 
able interest. 


Deployment Slated for After FY2000 


The United States already has used multipurpose small 
aircraft for reconnaissance and decoy during the Gulf 
War. They were reported to have achieved a number of 
things, including detection of enemy deployment sys- 
tems and troop organization, and creating diversions to 
attract attack by enemy aircraft with radiowaves sent 
from the small unmanned aircraft. JDA is hoping to 
achieve future developments in the defense field domes- 
tically, and this objective has influenced the decision to 
start development of a multipurpose unmanned aircraft. 
The R&D subjects include: 1) establishment of flight 
altitude, flight speed, aircraft weight, and flight time; 
selection of an aircraft body shape and materials appro- 
priate to achieve those objectives; 2) accurate and stable 
remote flight control from either the ground or another 
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aircraft; 3) list of onboard equipment including software 
programs which can handle either reconnaissance or 
decoy missions. 


JDA is also looking at the possibility of using the aircraft 
as training targets. JDA is essentially interested in low 
cost production. However, there are many technical 
obstacles which must be overcome before development. 
Also the research stages are estimated to cost between 
¥ 10 and 100 billion, delaying expected deployment until 
after FY2000. 


Shimadzu Sets Up Specialty Teams for Defense 
Conversion 


To Cope With Defense Budget Cut 


95P60089D Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 23 Jan 95 p 12 


[FBIS Translated Text] Shimadzu Corporation has set 
up specialty teams for non-military purposes to promote 
products that use the military aircraft technology which 
used to be handled through their aircraft equipment 
office. The specialty teams consist of the Second Busi- 
ness Department which is in charge of marketing and the 
New Product Development Technology Department 
which is in charge of product development. They have 
staffs of 4 and 10 employees respectively. Shimadzu has 
in the past turned out products inclu:ting a device which 
explains exhibits using optical equipment technology 
originally developed for fighter aircraft. Sales of non- 
military products have reached only ! percent of the 
Business Department’s total. Due to budget cuts in 
frontline combat equipment, product demand for 
defense purposes is bound to drop. Therefore, Shimadzu 
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decided to develop non-military purpose products and 
strengthen their sales system. 


The Second Business Ruataen, 5 using the Tokyo 
branch office as its headquarters, will market optical 
equipment which the company had already produced for 
commercialization through alliances with branch stores 
and trading houses throughout Japan. At the same time, 
the company will pay close attention to new customer 


plays (HUD) which can control missile range and actu- 
ators. Shimadzu has already supplied an aquarium in 
Tokyo with a machine which provides exhibit manuals 
using HUD theory. They are making some progress 
already in marketing the non-military purpose products. 
However, the products are so specialized that detailed 
business arrangements and application proposals 
are crucial to win orders, making organization of the 
specialty teams essential. 


The JDA accounted for 95 percent of Shimadzu’s Air- 
craft Equipment Operation Group’s sales of approxi- 
mately ¥ 30 billion in FY93. A majority of the remaining 
5 percent is for Boeing’s passenger aircraft components, 
which leaves very little for purely commercial products. 
Through establishment of the new sales system, Shi- 
madzu hopes to increase the portion of commercial 
market to about 10 percent in three years. 
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